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@ Low noise block down-converter for direct broadcast satellite receiver integrated with a flat plate antenna. 



@ A compact multi-layer flat antenna structure incorporating 
alow noise block down-converter on the power divider network 
layer of the antenna. RF circuit losses are reduced, and the 
antenna/receiver combination is made more compact, for flush 
mounting. The antenna/receiver combination finds particular 
utility in direct broadcast satellite (DBS) applications for single 
or dual orthogonal polarizations. The connection between the 
antenna and receiver may be implemented in stripline/ coplanar 
waveguide, or other known technologies such as microstrip, 
slotline. and finline. 
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Description 



LOW NOISE BLOCK DOWN-CONVERTER FOR DIRECT BROADCAST SATELLITE RECEIVER INTEGRATED WITH A 

FLAT PLATE ANTENNA 



BACKGROUND OF the INVENTION 

The present invention relates to a multi-layer flat 
plate printed circuit antenna t wherein elements of 
adjacent layers are capacitively coupled to each w 
other. A flat plate receiver is incorporated into and 
cuts through one or more of the layers, providing a 
more compact structure and improved sensitivity. 

The present invention is another of a progression 
of inventions on which a number of related, 15 
copending applications have been filed, one of which 
has issued as a patent. U.S. Patent No. 4,761,654 
relates to a multi-layer printed circuit antenna 
employing capacitive coupling among the layers. 
U.S. Application Serial No. 930,187, filed November 20 
25, 1986, relates to a printed circuit antenna 
employing capacitive coupling, wherein radiating 
elements are slots. 

The antennas disclosed and claimed in each of the 
above-mentioned patent and application operates in 25 
a single sense of polarization, which may be either 
circular or linear, depending on the configuration of 
the elements, the elements being fed by respective 
single feedlines in a power divider network (PDN). 
Copending application Serial No. 165,332, filed 30 
March 8, 1988, relates to a multi-layer dual-polariza- 
tion structure, wherein two different orthogonal 
senses of polarization may be received by a single 
antenna. The disclosures of all of those copending, 
commonly assigned applications are incorporated 35 
herein by reference. 

The antenna disclosed in each of the above-men- 
tioned copending applications, whether im- 
plemented in microstrip, stripiine, slotline, finline, or 
coplanar waveguide technologies, requires an ampii- 40 
fier box (a low noise block down-converter, or LNB) 
which is constructed outside of the antenna struc- 
ture itself. While this structure works well, it has 
several deficiencies. First, by requiring coupling of 
the antenna to an LNB outside of the antenna, there 45 
is inherent RF circuit loss. Thus, the receiver has 
reduced sensitivity. Second, because the receiver 
box is separate from the antenna, mounting of the 
overall structure is more difficult and restricted 
because of its large size. 50 



cal, the omitted elements are chosen from a region 
in the array which does not radiate as efficiently as 
other regions. By bringing the LNB onto the PDN 
layer, RF sensitivity of the receiver is improved, as 
circuit losses are reduced. Also, mounting, including 
flush mounting, is facilitated because the LNB does 
not stick out of the back of the flat antenna. 

In view of the foregoing, the present invention 
provides a multi-layer antenna structure comprising 
a ground plane; a power divider network array 
disposed over the ground plane; and a layer of 
radiating elements disposed over the power divider 
network, wherein all of these layers are capacitively 
coupled to each other. The PDN layer further 
comprises an LNB disposed on a substrate on the 
layer, some of the elements of the PDN being 
omitted to make room for the LNB, and correspond- 
ing radiating elements in the radiating element layer 
being omitted, as there would be no feed structure 
for those elements because of the presence of the 
LNB. The substrate on which the LNB is disposed 
preferably is low loss ceramic or glass. The present 
inventors have discovered that this structure, while 
requiring the elimination of several elements, pro- 
vides improved results over a wide bandwidth. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of 
the present invention now will be described in detail 
with reference to the accompanying drawings, in 
which: 

Figure 1 shows a single-polarization multi- 
layer structure, incorporating an LNB ; 

Figures 2A and 2B are plan and side views, 
respectively, of a connection of the stripiine 
power divider network to a coplanar waveguide 
structure in accordance with a preferred em- 
bodiment; 

Figure 3 is a block diagram of the LNB as 
incorporated on a ceramic or glass substrate; 
and 

Figure 4 shows an implementation of the 
invention in dual-polarization form, with LNBs 
disposed on respective power divider net- 
works. 



SUMMARY OF THE INVENTION 

The present inventors have discovered that it is 
possible to bring the LNB within the boundaries of 
the antenna layers, including the layer in which the 
power divider network (PDN) is provided. Because 
the LNB takes up a certain amount of space, some 
portion of the power divider network must be 
omitted, and corresponding radiating elements, be 
they slots or patches, also are omitted. In order to 
minimize deleterious effects, and whenever practi- 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

55 

The embodiment which now will be described as 
presently preferred, incorporates stripiine im- 
plementation of the antenna, with connection to a 
coplanar waveguide structure outside of the an- 
60 tenna. However, it is within the contemplation of the 
present invention to provide implementation in 
microstrip, slotline, finline or other known techno- 
logies. 
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Referring to Figure 1, the flat platS«^y antenna in 
which the LNB box 150 is integrated has a multi-layer 
structure, including a ground plane 10. a power 
distribution network (PDN) layer 20. and a radiating 
element layer 30. The PDN layer 20 is printed in 
stripiine form, with lines feeding the corresponding 
radiating elements in a capacitively coupled manner, 
with no direct contact between the lines and the 
elements. A bottom ground plane is provided as the 
bottom layer of the structure, with the layer 
containing the radiating elements acting as a top 
ground plane. 

The LNB receiver 100 preferably is provided on a 
ceramic or a glass substrate 102, at a center of the 
power divider network, as this provides the lowest 
loss implementation. With this configuration, it is 
possible to omit certain ones of the radiating 
elements toward the center of the layer 30. and to 
position the LNB box 150 where these elements are 
removed. The "omitted'' elements referred to above 
may be any of the elements described in any of the 
above-mentioned copending applications. 

It is known to "omit" certain radiating elements in 
an array, but for different reasons than in the present 
invention. For example, some known antennas, such 
as a model manufactured by Sony Corporation, do 
not have some radiating elements where mounting 
brackets and other hardware (such as connections 
to an externally-located LNB box) are connected to 
the antenna. 

While placing the LNB box 150 at the center of the 
PDN layer 20 provides the lowest loss, as the feed to 
the layer 20 is at the center of the array, it is within 
the contemplation of the invention to accommodate 
situations in which an array may be tapered in such a 
manner that certain portions of the array do not 
contribute greatly to overall antenna performance 
i.e., certain elements are not excited or are weakly 
excited, in such tapered arrays, the feed structure 
for these unexcited elements may be replaced by 
the LNB box. 

Figures 2A and 2B show top and side views of a 
coaxial transition 210 between the stripiine 202 in the 
antenna power dividing network and the coplanar 
waveguide 204 outside the network. The stripiine 202 
and the coplanar waveguide (CPW) 204 are imped- 
ance matched. The outer portion 216 of the coaxial 
transition 210 is connected to the ground plane 10 
and to the radiating element layer 30 which acts as 
the upper ground plane for the stripiine structure. 
The coaxial connection on the CPW side is con- 
tacted to ground planes which are disposed ortho- 
gonally to the ground planes on the stripiine side. As 
a result, the transition from stripiine to CPW enables 
field rotation. 

The dimensions of the CPW substrate thickness 
and the spacing between its non-metallized side and 
the bottom ground plane of the antenna are such 
that the LNB box 150 is flush with the antenna 
ground plane. The spacing between the metallized 
side of the CPW substrate and the top ground plane 
of the PDN or the radiating elements also are such 
that the LNB box does not protrude on the top side 
of the antenna. 

Figure 3 shows a block diagram of the circuitry 
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Incorporated on the^BPW motherboard 102. and 
includes a miniature microwave active circuit 
(MMAC) (also referred to as quasi-monolithic) low 
noise amplifier (LNA) 112. The LNA 112 receives the 
5 antenna output, amplifies it, and provides the 
amplified output to a monolithic microwave inte- 
grated circuit (MMIC) LNA/mixer 114. The LNA/ 
mixer 114 receives the output of a local oscillator 
(LO) 116 (which also may be implemented in 
10 MMAC). A band pass filter 118 is connected 
between the LNA and mixer portions of the 
LNA/mixer 114, so that the mixer portion combines 
the output of the LO 116 and a band pass filtered 
output of the MMIC LNA 112. The output of the 
15 LNA/mixer 1 14 is passed to a low pass filter 120, the 
output of which is passed to an IF amplifier 122, 
which also may be implemented in MMAC. The IF 
output of the LNB is a 75-ohm coaxial connector 
which conducts the IF signal to an indoor receiving 
20 unit, and at the same time delivers DC power to the 
LNB. 

Figure 4 shows a dual-polarized version of the 
present invention, in which LNB boxes are provided 
on each of the PDNs, the lower layer of radiating 
25 elements acting as a bottom ground plane for the 
upper array as described in the copending applica- 
tion Ser. No. 165,332, filed March 8, 1988. As 
described in that last-mentioned copending applica- 
tion, a quadrature hybrid 200 may be connected to 
30 the dual-polarized antenna, to provide single or dual 
circular polarization or rotating linear polarization. 
The radiating elements and PDNs for the respective 
layers are disposed orthogonally to each other to 
provide orthogonal senses of polarization, either 
35 directly for the dual linear polarization case, or 
through the quadrature hybrid 200 for cirular or 
rotating linear polarizations. 

In Figure 4, a second PDN layer 40 and a second 
radiating element layer 50 are added to the layers 
40 10-30 shown in Figure 1 . The PDN layer 40 includes 
an LNB box 'ISO' which is similar in construction to 
what is shown in Figure 1. The element layer 50 has a 
number of elements omitted therefrom, in corre- 
spondence with the feed network structure missing 
45 from the PDN layer 40. This also is similar to what is 
done in layers 20 and 30. 

As described above, and in accordance with the 
present invention, an LNB is incorporated onto a 
PDN layer of a flat plate antenna, and provides more 
50 compact structure with lower RF loss, with satisfac- 
tory sensitivity over a wide bandwidth. While the 
invention has been described in detail with respect 
to a preferred embodiment, many modifications 
within the spirit of the invention will be apparent to 
55 ordinarily skilled artisans. Thus, the invention should 
not be considered as limited to that embodiment, 
but rather is limited only by the scope of the 
appended claims which follow immediately. 
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Claims 



1. A flat plate direct broadcast satellite (DBS) 
antenna/ receiver combination, comprising 
aground plane; 
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a power dividing network layer disposed over 
said ground plane and capacitively coupled 
thereto; 

a radiating element array disposed over said 
power divider network layer, and capacitively 5 
coupled thereto, ones of said radiating ele- 
ments within said radiating element array being 
fed at at least a single point by corresponding 
elements of said power divider network; and 
a iow noise block down-converter, disposed on 10 
a substrate and provided on said power divider 
network layer. 

2. The combination recited in claim 1 , wherein 
said low noise block down-converter com- 
prises; 1S 
first and second iow noise amplifiers, an output 
of said first amplifier being connected to an 
input of said second amplifier; 
a band pass filter receiving an output of said 
second amplifier; 20 
a local oscillator; 

a mixer receiving outputs of said band pass 
filter and said local oscillator; 
a low pass filter connected to an output of said 
mixer; and 2 5 
an IF amplifier connected to an output of said 
low pass filter; 

wherein said first amplifier receives an output of 
said antenna. 

3. The combination recited in claim 2, wherein 30 
said antenna is implemented in stripline, and 
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said low noise block is connected via a coaxial 
connection to said antenna, said low noise 
block connection being implemented in copla- 
nar waveguide structure. 

4. The combination recited in claim 3, wherein 
said coaxial connection comprises first and 
second portions, said first portion being con- 
nected to said ground plane and to said 
radiating element layer, said second portion of 
said coaxial connection being contacted to 
ground plane structure in a manner orthogonal 
to the connection of said first portion to said 
ground plane, wherein a field which is output by 
said antenna is rotated via said coaxial connec- 
tion. 

5. The combination recited in claim 1 , wherein 
said low noise block down-converter is dis- 
posed at a central portion of said power dividing 
network layer. 

6. The combination recited in claim 1, further 
comprising a second power divider network 
layer disposed over said radiating element 
layer, and a second radiating element layer 
disposed over said second power divider 
network layer, said combination further com- 
prising a second low noise block down-conver- 
ter disposed on a glass substrate on said 
second power divider network. 

7. The combination recited in claim 1, wherein 
said substrate comprises one of a low loss 
ceramic substrate and a glass substrate. 
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@ Low noise block down-converter for direct broadcast satellite receiver integrated with a flat plate antenna. 



(g) A compact multHayer flat antenna structure incorporating 
alow noise block down-converter on the power divider network 
layer of the antenna. RF circuit losses are reduced, and the 
antenna/receiver combination is made more compact, for flush 
mounting. The antenna/receiver combination finds particular 
utility in direct broadcast satellite (DBS) applications for single 
or dual orthogonal polarizations. The connection between the 
antenna and receiver may be implemented in stripline/ coplanar 
waveguide, or other known technologies such as microstrip, 
slotiine, and finline. 
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